The Environmental Kuznets Curve (EKC) hypothesis asserts that pollution levels rises as a country develops, but reaches a certain threshold where pollution begins to fall with increasing income. In EKC analysis, the relationship between environmental degradation and income is usually expressed as a quadratic function with turning point occurring at a maximum pollution level. This study seeks to examine the pattern and nature of EKC in Africa and major income groups according to World Bank classification comprising low income, lower middle income and upper middle income in Africa. In ensuring the robustness of our study; the paper proceeded by ascertaining the nature of EKC in all fifty-three countries of Africa in order to confirm the results obtained from basic and augmented EKC model. The study could not validate EKC hypothesis in Africa (combined), low income and upper middle income but empirical and analytical evidences supports the existence of EKC in lower middle income countries. Likewise, evidences from the robustness checks confirmed the findings from the basic and augmented EKC model. The study could not attain a reasonable turning point as there are evidences that Africa could be turning on the EKC at lower levels of income. Also, there is need to strengthen institutions in order to enforce policies that prohibits environmental pollution and ensure pro-poor development agenda.
The hope for the future is conditional on decisive political action now to begin managing environmental resources to secure both sustainable human progress and human survival. Inquest for every nation to actualize some economic successes, there has been obvious threat to the environment. Each year witnesses several hectares of productive dry-land turns into worthless desert, likewise more than 11 million hectares of forests are destroyed yearly. In Europe, acid precipitation kills forests and lakes and damages the artistic and architectural heritage of nations. The world is experiencing global warning arising from consistent burning of fossil fuels into the atmosphere. The green house effect has the potential to mitigate agricultural production, raise sea levels to flood coastal cities and disrupt national economies (UN Environmental Report 1993).
Other industrial gases threaten to deplete the planet's protective ozone shield to such an extent that the number of human and animal cancers would rise sharply and the oceans' food chain would be disrupted. From the foregoing and the popularization of EKC, it becomes clear that the acquisition of economic growth and the need to ensure cleaner quality environment are inseparable issues. Many forms of development erode the environmental resources and on the long-run environmental degradation can jeopardize economic development. In an attempt to ensure realization of present needs that will not distort the ability of the future generations to meet their needs; there is need for policy makers, national government and international institutions to implement policy and guidelines for production and extractive processes and enforce adequate abatement measures (Alege & Ogundipe, 2013 ).
Our work is related to numerous attempts to explain the pollution growth nexus. Most studies test the validity of the so called EKC hypothesis which postulates an inverted U-shaped relationship between environmental degradation and income growth (see Grossman & Krueger, 1994; 1995) .
The study conducts inferences on the relationship between the development stage and pollution dynamics of Africa countries in order to draw policy implications. Our study emphasize a dynamic processes where the relationship between environmental degradation and income levels is considered, disaggregating Africa economics into low income, lower middle income, upper middle income and high income countries. Though, erstwhile study on the subject matter (Osabuohien et al., 2014) have aggregated the economies of Africa but considering the intent of EKC, to appropriately capture its nature in Africa where economies exhibit heterogeneity of income; it becomes imperative to disaggregate countries according to income level. Our study hereby attempt to ascertain if a country's income level does matter for its pollution dynamics; since its current development stage influences its future pollution prospect. Also, examine the pattern and direction of relationship between pollution and income; and determine the speed of realization of EKC (if it does exist) in the face of various interventions/abatement measures. This enables policy makers and environmental activist to ensure appropriate actions needed to assume sustainable development.
The remaining part of the paper is structured as follows: section two situates the experience of Africa with the rest of the world and analyses the CO 2 emissions and income relationships in income groups in Africa; section three outlines the related literature that situate our study in the context of existing literature; section four put forward the model appropriate for an empirical investigation of EKC in Africa; section five discusses the empirical results and findings from the estimation procedure while section six concludes the paper and offers some policy recommendations.
Stylized Facts/Background Information
This section presents the state of environmental pollution in Africa in comparison to the rest of the world. Figure  one shows that CO 2 emissions have consistently maintained an upward trend in Africa and the rest of the world. This was the basis for the establishment of Kyoto protocol and initialization of commitment to reduce the level of CO 2 emissions since it constitutes the largest contributor to the share of total green house gases (GHGs) in the world (Bank Bank, 2007) . In the same manner, table one shows the regional contribution to the total world CO 2 emissions, with Africa share steadily increasing raging from 1.78 percent to 2.5 percent and eventually 2.17 percent in period 1971-1980, 1981-1990 and 2001-2010 respectively. In relative terms, Africa has contributed minimally to the world CO 2 emissions when compared to other regions. East Asia and pacific contributes 15.56 percent, 25.55 percent and 30.84 percent in the same periods. Likewise Europe, Latin America and Middle East have contributed more than 5 percent (between 5 and 30 percent) to CO 2 emissions for the observed periods. In spite of Africa lower relative contributions, Osabuohien et al (2014) claimed that in absolute terms, CO 2 is has risen consistently over the periods amounting to about 451 percent between 1960 and 2008. Also, table 2 shows the sectoral contributions to world CO 2 emissions according to six regional divisions for which statistics were available. As seen in the table, East Asia and the pacific account for the largest CO 2 emissions in manufacturing, industries and construction sectors with about 60 percent rise in the period 1970-2011. Likewise, Europe, Latin America and the Middle East share witnessed steady increase while Africa's contribution dwindled overtime. This evidence would not be unconnected to the weak manufacturing capacity and industrial exports in Africa, which contribute less than 10 percent to merchandise exports. More so, due to high fossil fuel consumption in Africa; the transport sector share of world emissions has maintain an upward trend from 2 percent in 1971-1980 to about 3 percent in 2011. Likewise, the same upward trend was witnessed in Latin America, Middle East and South Asia while Europe and central Asia reduce the level of transport CO 2 emissions. This is likely due to adoption of clean technologies as a result of increased income levels and development. Grossman and Krueger (1991) established that the pollution-income relationship tends to rise with increasing income at early growth stages. However, when the curve reaches a threshold (turning point) environment begins to improve at higher stages of growth. This assertion is reflected in the so called inverted U-shaped curve, expressing the relationship between pollution and income. As seen in figure 2, we could not ascertain the direction of pollution-income relationship until the point USD800. From this point, the pattern became stable and consistent with expected behaviour at early growth stages but is yet to witness an identifiable turning point. If the empirical claim of Omotor and Orubu (2012) is to be relied upon, the curve might experience a threshold at about USD1344.63, from which higher level of growth will lead to improving the environment. The major threat to environment centres is how to ensure sustainable environment, adopt cleaner environment and adopt abatement measures in the face of poverty in the developing economies. Poverty is adjudged a major cause of environmental problems in developing economies. Therefore, balancing the immediate needs of survival with long run sustainability is the issue at hand and requires policy interventions capable of reducing extreme poverty and extent of income inequality. The foregoing are the concerns that lead to the establishment of the world commission on environment and development by UN General Assembly in 1993. Middle East North Africa n.a n.a n.a n.a n. It becomes clear from evidences in figure 3 and table 3, that poverty fuels environmental degradation in Africa. The carbon dioxide, CO 2, share of the low income countries (which constitute 51 percent of Africa economies) in Africa's total CO 2 emissions has been rising steadily, from 53 percent in 1996 to 60 percent in 2011. Whereas, the share of GDP per capita of these economies in Africa's' average has fallen considerably over the same period. This singular fact has accounted for mixed finding on the nature of EKC in Africa, since extant failed to control of income differences across Africa economies. This also confirms one of the conclusions of Lipfert (2004) that "though poor people may be more susceptible, but poverty also fosters increased pollution". In the spirit of EKC, Hollander (2003) describes the problem of poor as the inability to deal with pollution until they acquire affluence to meet their basic needs for survival. A critical observation of table 3 shows that statistics available in different income groups does not validate the EKC hypothesis except in the lower middle income group. In low income Africa, CO 2 emissions rises as per capita income falls; CO 2 rises from 53.5 percent in 1996 to 57. The evidence in table 3 re-affirm the core thrust of this study and the need to control for income heterogeneity in ascertaining the pattern and nature of EKC in Africa and as well as examines the specific nature and turning points in individual country.
Review of Related Literature
The EKC theme was popularized by the World Development Report 1992 (IBRD 1992) which argued that: "the view that greater economic activity inevitably hurts the environment is based on static assumptions about technology, tastes and environmental investments" and that "as income rise, the demand for improvements in environmental quality will increase, as will the resources available for investment. Others have also explicated this position even more forcefully, for instance Beckerman (1992) claimed that "there is clear evidence that, although economic growth usually leads to environmental degradation in the early stages of the process, in the end the best and probably the only way to attain a decent environment in most countries is to become rich".
As cited by Cole (2003) , Lomborg (2001) in his book "skeptical environmentalist" shared the opinion of Beckerman (1992) strongly. Lomborg argues that although air pollution emissions are rising in many developing countries, the EKC indicates that it is possible to "grow out" of environmental problems through technological advance and appropriate environmental policy. Thus, he claims that today's developing countries should one day experience reductions in pollution as currently enjoyed in developed world. He opined that emissions of virtually all local air pollutants have fallen steadily in the developed world over the last 30-40 years. Lomborg (2001) confirmed this assertion by providing emissions and concentration trends for the United Kingdom and the United States of America. Similar conclusion was made for the United States of America in the cases of lead, particulates, sulphur dioxide, nitrogen dioxide and carbon monoxide and concludes that air quality in these countries has significantly improved.
The scale effect indicates that, ceteris paribus, economic growth will increase pollution. However, with increasing per capita income, the economy experiences a compositional change from manufacturing to services. The effect of these changes would likely result in reducing pollution intensity of output. More so, as the nation continue to experience a leap in per capita income and as welfare improves, it is argued that the demand for cleaner environment rises, culminating into positive income elasticity of demand for environmental quality and consequently increases in demand for environmental regulations. In the words of Cole (2003) , this resultant changes to the technique of production are known as the technique effect. The combination of technique and composition effects, therefore, eventually outweighs the scale effect, resulting in the downturn of EKC.
Considering the composition effect, there seems to be a challenge for Less Developed Countries (LDCs), especially resource-abundant LDCs. The case of LDCs may not follow the same pollution-income path experienced in developed economies. If the pollution intensity of output has fallen in the North as a result of the migration of heavy industry to the South due to: (i.) proximity to resource area (ii.) proximity to market (iii.) Market displacement of Northern industries by Southern industries (iv.) Strict environmental regulation in the North e.t.c, then, it is unlikely that the south can expect to enjoy similar reductions in pollution intensity. The study by Suri and Chapman (1998) found lower emissions with increased manufactured imports and found higher emissions with increased exports; it hereby suggests that compositional changes, as reflected in changing trade patterns, are influencing energy consumption and hence pollution.
Likewise, there are inherent problem in developing countries that could mitigate the transition from scale to composition effect; this factors include the following: (i.) attraction of dirty industries into the extractive industry (ii.) weak governance and heavy incidence of corruption (iii.) weak environmental regulation and lack of enforcement, and (iv.) extremely skewed income, which continually widen inequality gap and subjected the poor to degrading the environment to maintain survival. Cole (2000) also find that the increasing cleanliness of the composition of manufacturing sector is at least partly responsible for falling pollution in the developed world. Contrarily, Janicke et al., (1997) shows that the North is still a net exporter of many pollution intensive products, suggesting that each compositional change may not be as significant as proposed. Though, pollution haven hypothesis (Note 1) has found limited support (Mani and Wheeler (1998) , Lucas et al., (1992) , Birdsaff and Wheeler (1993) likewise some empirical studies document a little evidence of the formation of pollution havens Xu and Song (2000), Tobey (1990) , Van Beers and Van De Bergh (1997) ). Contrarily, the work of Antweiler et al (2001), Cole and Elliot (2003) found evidence of pollution haven pressures. This is likely to have resulted from the fact that many pollution intensive sectors in the LDCs are highly capital intensive and most suited for the capital abundant North.
It is also generally recognized that environmental concern is income elastic: countries and social groups increase their interest in environmental quality as their income rise Ruttan (1971), Ciriacy-wantrup (1963) , Chapman and Barker (1991) . If environmental improvement is to succeed increased income, there seems to be a problem for Africa, especially the natural resources dependent economies. The rent-seeking behaviour of multinationals and economic agents involved extraction which arises from weak institutions tends to dissipate the benefits of economic resources and lengthen the vicious cycle of poverty. Since most rural poor depend on local economic activities for survival as the level of poverty expands, environmental degradation worsens. As stated crudely put by Chapman (1993) , at population-intensive subsistence levels, rural households are more interested in consuming wildlife than its protection for the enhancement of future generation. As the economy grows, there is need for policies that will enhance both natural living standard and environmental protection in the world's poorest countries.
Perrings (1989 ( , 1991 ( ), Clark (1991 , and Ciricay-Wantrup (1963) have argued that low income causes high discount rates. If this is correct, it confirms the widely shared observation that very poor regions seem to degrade renewable resources stocks far below economically optimal levels (Chapman, 1990; Moyo, 1991) . Grossman and Krueger (1991) in their pioneer study of EKC, investigate the potential environmental impacts of NAFTA. They developed a cross-country panel that estimated EKCs for SO 2 , dark matter (fine smoke), and suspended particles M(SPM) using Global Environmental Monitoring System (GEMS) data set for 42 developing and developed countries (Note 2). The empirical work by Grossman and Krueger found evidence supporting EKC patterns for SO 2 and SPM. The turning points for both pollutants were precisely estimated at US$4772-US$5965 while the concentration of suspended particles appeared to decline even at low income levels. Following the idea of Grossman and Krueger (1991) , Shafik and Bandhopadhyay (1992) were the first to conduct a major empirical study in ascertaining the EKC hypothesis. The study adopted different functional relationship to estimate EKCs for ten indicators. EKC was not attained for deforestation. However, lack of clean water and lack of urban sanitation were found to decline uniformly with increasing income over time. Contrarily, Vol. 7, No. 4; municipal waste and carbon emissions per capita increased unambiguously with rising income, while river quality tended to worsen with increasing income.
Naimzada and Sodini (2010) examine the dynamics of an Overlapping Generation (OLG) model with environment, a Constant Elasticity of Substition (CES production) function and agents who invest in environment, taking the action of other agents of the same generation as given. The authors show the possibility of a high income, low environment steady-state when total factor productivity increase over a threshold value and the elasticity of substitution between capital and labour is sufficiently lower. Varvarigos (2010) studies a model where: (a) longevity is positively affected by public health spending and negatively influenced (b) environmental degradation is positively influenced by pollution due to production and it is mitigated by public environment expenditure. He proves that low income -low pollution equilibra are possible depending on the elasticity of (i) environmental damage with regard to pollution (ii) environmental improvements with respect to abatement policy. The likelihood of traps is also a function of the cleanliness of production technology, total energy productivity and initial conditions. This paper is related to numerous attempts to explain the pollution-growth nexus. Most studies test the validity of the so called Environmental Kuznets Curve hypothesis, which postulates an inverted U-shape relationship between environmental degradation and income (Grossman & Krueger, 1994 , 1995 Osabuohien et al., 2014; Beckerman, 1992; Stern, 2003) In a parallel strand of research, environmental convergence (using CO 2 emissions) is examined. In recent work, Bulte et al., (2007) argue that income convergence leads to pollutant emissions convergence. Overall findings on environmental convergence alone are contradictory, as a number of scholars support the hypothesis of convergence in CO 2 emissions per capita (Strazicish & Lit, 2003; Romero-Avila, 2008; Westerland & Basher, 2008) whereas others provide evidence of divergence (Nguyen-Van, 2005; Barassi et al., 2008) . Finally, in a study related to our work, Aldy (2006) shows that Markov chain analysis does not provide convincing evidence on future emissions convergence. The author finds evidence of convergence among 23 OECD countries, whereas emissions appear to be diverging for a global sample composed 88 countries for 1960 -2000 . Xepapadeas (1997 analyses an endogenous growth model with productive and abatement capital as well as increasing returns due to knowledge spillovers in production and pollution abatement. He shows that countries with environmental concerns can be trapped in a low growth process, high pollution equilibrium because of insufficient knowledge of pollution abatement.
Methodology

Model Specification
This study adopts a standard presentation and framework of basic EKC model as presented in Chapman and Agra (1999), Omotor and Orubu (2003) , and Al sayed and Sek (2013). Their specification assumes environmental degradation as a function income level and the squared of income level; while the former is used to capture the pollution-income relationship at the initial stage of development, the latter accounts for the possibility of turning point, that is, validating the existence of EKC. This specification can be presented as follow:
ln(ED) = β + β ln GDP P + β ln GDP P + ℇ
According to Wen and Cao (2009) Where represents environmental degradation, is GDP per capita, and represents the slope of the model, and are the intercept parameter; represents the cross-section of countries or regions and denotes the years or periods of time series and ℇ . Hence, the implicit assumption is that environmental degradation/quality may be different from one country to the other at any given level of income. The income elasticity is the same for all countries at given level of income. On the other hand, the time specific intercepts take care of time-varying variables that are omitted from the model, including stochastic shocks (Omotor & Orubu, 2001) . In order to establish the stability of EKC model, we introduce other variables relevant in explaining the extent of environmental degradation. According to Chapman and Agras (1999) , all empirical investigations of EKC adopts a functional forms capable of evaluating results with respect to the presence or absence of a turning point and the significance of its parameters. The analysis of the relationship of the effect of real per capita income on environmental degradation controlling for other variables relevant to the argument usually assume the form presented below:
Where is a vector of explanatory variables added to the basic EKC model such that = Here, represents population density (people per sq. km of land area), is external debt stock, is an indicator manufactured exports, and is a measure of institutions (regulatory quality). The turning point value is
The specification above is similar to the stand by Khanna (2002) , who suggested income as one of the factors necessary to ascertain exposure to declining environmental quality. Other factors such as race, education, population density, housing tenure and structural composition of workforce are also relevant (Panayotou, 1997; Torres & Boyce, 1998) . In the words of Omotor et al. (2012) "finding an EKC in the presence of other modifying factors provides a more persuasive basis for validating the hypothesis". In the model above, the basic EKC model was augmented to include factors such as population density, external debt stock, manufactured exports, and regulatory quality. The higher the population density, the greater will be the intensity of pollution and pressure on environmental services and resources. The inclusion of manufactured export as an indicator of trade followed the idea espoused by Wycoff and Roop (1994) as well as Suri and Chapman (1998) . If the sign of turns negative, it implies high emissions with increased export, otherwise export mitigate the level of emission.
Technique of Estimation
This paper adopts the panel data analysis to detect the nature of the EKC curve between the pollutants and the economic growth in Africa. Panel data helps to determine dynamic of changes in short time series and provides www.ccsenet.org/jsd Journal of Sustainable Development Vol. 7, No. 4; more powerful regression results by considering the place (spatial) and time (temporal) dimensions of the data (Schmidheiny & Basel, 2011) . It as well helps to control for unobservable individual heterogeneity across entities. There are two types of panel model namely; the fixed effect (FE) model and the random effect (RE) model.
The fixed effect model is used in analyzing the impact of variables that vary overtime. It explores the relationship between predictor and outcome variables within an entity (Note 4). The fixed effect removes the effect of those time invariant characteristics from the predictor variables in order to assess the predictors' net effect. The equation for the fixed effect model is shown as:
= + Where ( = 1 … . . ) is the unknown intercept for each entity (n entity specific intercepts), is the dependent variable where = entity and = time, represents the vector of independent variable, are time invariant or fixed over time and captures the error term. The structure of the model to be estimated with the fixed effects is stated as follows
Where = , ( = 1 … .53) is the unknown intercept for each country.
According to Alege and Ogundipe (2014) , the fixed model is relevant as it enables us to sieve out the unobserved effect across entities, thereby making changes in dependent variable to be absolutely explained by influences from the observed pollution predictors.
The random effect model, unlike the fixed, assumes that variations across countries are random and uncorrelated with the independent variables. The random effect specification takes the mean error and random term as randomized. Both error components are assumed to be random variable with normal distribution which is independent identically distributed ( . . ). These error components are uncorrelated with independent variable (Yaffee, 2013; Al sayed & Sek, 2013; Alege & Ogundipe, 2014) , such that:
In choosing the consistent and efficient model between the fixed effect and random effect model; we adopted the Hausman test. The test is considered as a Wald test with ( − 1) degrees of freedom where is the number of regressors in the model. The Hausman statistic is model as follows:
where = − Under random effects model, the matrix difference in brackets is positive, as the random effects estimator is efficient and any other estimator has a larger variance. Under the null hypothesis, both FE and RE model are consistent with RE more consistent. Under the alternative hypothesis, FE is more efficient than RE. Therefore, the rejection of null hypothesis will suggest the choice of FE model (Yaffee, (2003) , Al Sayed and Sek, (2013) ).
Data Sources and Measurement
The data series required to empirically investigate the nature of EKC in Africa and the major income classification groups were sourced from the World development indicators of the World Bank 2013. These variables include; environment degradation proxied by Carbon dioxide (CO 2 ) emissions, gross domestic per capita income, population density, stock of external debt while manufactured export and regulatory quality were obtained from the data market of Iceland and World Governance Indicators. 
Discussion of Result
In an attempt to ascertain the pattern and nature of EKC in Africa, the study begins by estimating the basic EKC model for Africa and various income groups according to the World Bank classifications. The models were estimated using both fixed and random effects and the Hausman test was conducted to determine a reliable and consistent model. The fixed effect results were found consistent for Africa and Upper middle income model while the random effect result were consistent for Low income and Lower middle income models.
The result readily available in the table 5 below could not ascertain the existence of EKC in Africa, low income and upper middle income economies. Also, there exist an inverse relationship between economic degradation (CO 2 emissions) and income (GDP Per Capita) at the early stage of development. This reflects the extent of income inequality and the fact that the growth effort of most Africa economies is inclusive. Following the decision criteria of EKC parameter, especially from quadratic GDP per capita; the empirical investigation from Africa, Low income economies and Upper middle income economies shows evidence in support of a U-shaped relationship between pollution and income. Contrarily, the study confirms the EKC hypothesis in lower middle income countries though no reasonable turning point could be ascertained. The realization of EKC in lower middle income countries and the positive relationship between CO 2 emissions and income at the early development stage is hinged on the reality that about 70 percent of economies in this category are oil exporting countries. Since gas flaring constitute a major source of CO 2 among Africa oil producing economies and oil proceeds in most cases account for over 90 percent foreign earnings; there tends to exist a natural relationship between emissions and environmental degradation in Lower middle income countries. The fixed effect results satisfied the requirement of efficiency and consistency as shown by the Hausman test for all groups except the upper middle income Africa where random effect appears to be more efficient. Though the result presented in table 6 is an augmentation of the basic EKC model, the nature and pattern of EKC remain as obtained in the basic model. The empirical results from our study was consistent with Omotor and Orubu and Orubu (2012) who failed to achieve EKC for lack of access to safe water using 24 Africa countries. Also our evidences match the studies of Galeotti et al., (2006) and Coondoo and Dinda (2008) who could not find evidence to affirm the validity of EKC hypothesis for non-OECD countries, but inconsistent with Orubu and Awopegba (2009) and Osabuohien et al., (2014) who established EKC for CO 2 emissions in Africa. More so, as shown in the augmented EKC analysis, population density exerts a significant positive influence on environmental degradation. It implies that as population density inreases, more pressure is exerted on economic resources and environmental services most especially in the quest for livelihood. This is a major experience in most Africa's semi-urban and rural communities where major means of livelihood is agriculture. Activities ranging from local mining, deforestation, bush burning, etc. have contributed to eroding environmental quality.
Also, the indicator of external debt (asides from Africa as a whole) was found to be statistically significant for only low income group, since almost all the economies in this category are heavily indebted poor countries and commodity exports. In effect, an attempt to export more to generate earnings for financing debt service and repayment tends to create more pollution and environmental degradation. Finally, the measure of institution (regulatory quality) was found significant across groups except in lower middle income, where EKC was realized. There is the need to strengthen regulatory quality in other income groups to adherence to environmental regulations, adoption of abatement measures and cleaner technologies. Vol. 7, No. 4; becomes expedient to verify as cross sectional dependence can lead to a bias in test results. With the probability value of 0.2479, the study accepted the null hypothesis that residuals are not correlated.
ii. The Modified Wald test for groupwise heteroskedasticity in fixed effect regression model, in this case the study failed to reject the null hypothesis of homoskedasticity or constant variance. This implies that our model is homoskedastic and therefore appropriate.
iii. Brensch-Pagan Lagrange multiplier (LM) test for random effects. The LM test helps to decide between a random effect regression and a simple OLS regression. The null hypothesis in the LM test suggests that variance across entities is zero, that is, there is no significant difference across units. In this case, the study failed to reject the null. Therefore, random effect is not appropriate does not significantly differ from pooled OLS. 
Conclusion and Recommendation
The study examines the pattern and nature of EKC in Africa and major income groups according to the World Bank income classification comprising low income, lower middle income and upper middle income in Africa. Also, for the purpose of ensuring robustness, the study ascertained the pattern of EKC in all Africa countries. We adopted a panel estimation procedure based on ordinary pooled regression, fixed and random effect regression and attained an efficient and consistent model with the aid of Hausman model selection criterion. More so, for the purpose of ensuring reliability of our parameter estimation for policy inferences, we carried out a series of sensitivity checks such as Pesaran residual correlation test, modified Wald test for heteroskedasticity and Brensch-Pagan LM test. Based on these tests, our models are void of biases and suitable for policy decision making.
An interesting observation however resulted in the study, though inconsistent with a number of extant studies, this would have resulted from our control of income heterogeneity and examining the nature of EKC among income groups. From our estimation results, we could not validate the EKC hypothesis in African countries (combined), low income group and upper middle income group but empirical and analytical evidences from lower middle income countries support the existence of EKC. This is not unconnected with the reality that majority of countries in lower middle income countries are oil-producing states, where oil proceeds contributes over 90 percent of foreign exchanges and constitute largest portion of budget financing; whereas, the extractive processes of crude oil constitute the largest contributors to CO 2 in this economies.
Similarly, evidences from our robustness checks also confirmed the facts from the basic and augmented EKC model. As about 70 percent of countries with evidence in support of EKC hypothesis constitute the lower middle income group. Though, we could not attain a reasonable turning points as figures obtained were extremely low compared with extant studies, this might have resulted from the reality that majority of countries used in this study are grouped under the low income, and this group of low income countries constitute 60 percent of all countries in Africa. As in Lee et al. (2010) , it may be suggested that GDP per capita of Africa countries have not yet received the perceived turning point. Similarly, Orubu and Awopegba (2009) assert that Africa is turning the corner of EKC much faster and at lower levels of income than expected.
Also, empirical evidences from African countries (combined) show that , low income and upper middle income where EKC could not be validated echoed strongly the need for strong institutional commitment to enforce policies that prohibit environmental pollution, check the activities of dirty multinationals, ensure equitable income distribution, encourage adoption of clean technologies and strategize environmental abatement measures.
